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Quark matter which contains s-quarks in addition to u- and d- could be stable or metastable. In this
case, lumps made of this strange matter, called strangelets, could occasionally hit the Earth. When travelling
through the atmosphere they would behave not dissimilar to usual high-velocity meteors with only exception
that, eventually, strangelets reach the surface. As these encounters are expected to be extremely rare events,
very large exposure is needed for their observation. Fluorescence detectors utilized in large ultra-high energy
cosmic ray observatories, such as the Pierre Auger observatory and the Telescope Array are well suited for a
task of the detection of these events. The flux limits that can be obtained with the Telescope Array fluores-
cence detectors could be as low as 5 × 10−22 cm−2s−1sr−1 which would improve by 1.5 orders of magnitude
the strongest present limits obtained from ancient mica crystals.
1. Introduction.
True ground state of nuclear matter could be real-
ized in ultra-dense lumps consisting of u-, d-, s- quarks,
so-called “strange” matter [1, 2]. Though properties
of this phase of matter is not exactly known, calcula-
tions show that these lumps could be stable in extremely
wide range of baryon numbers A: O(1) < A < 1057.
When these clumps are of stellar masses they are usually
called ’strange stars’, whereas somewhat lighter clumps
are dubbed strangelets. Strangelets could have been
produced in the very early Universe, though only the
most massive ones could survive to the present time.
The compact objects akin to neutron stars could be
’strangelet factories’ now: some collapsing objects could
transgress the stage of usual neutron stars and turn
directly into the strange stars. Moreover, even tiny
amount of strange matter could convert usual neutron
star into a strange one (see below). Some compact bi-
naries, coalescing less than in the Hubble time, could
eject up to 0.1 M⊙ at the final stage of merging, if
some of these stars had been strange, the ISM would
be thoroughly polluted with strangelets [3, 4]. Also, the
strangelets could possibly be created in the heavy-ion
collision experiments, and because of that they some-
times emerge in some ‘Doomsday scenarios‘ [5].
Strangelet cores themselves have much smaller Z/A
than normal nuclei. Core charge is neutralized by lep-
tonic cloud surrounding it, and when the baryon number
begin to grow, then after the threshold A0 ∼ 1015 the
core size exceeds the cloud size and the core engulfs the
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leptons. Regardless the baryon number strangelets are
neutral to outside observers. Strangelets could interact
with the normal matter in two different ways: if the core
charge is positive then the repulsive forces acting on nor-
mal nuclei allow only collisions. This barrier, however,
is absent if the core charge is negative – in this case col-
liding normal nuclei would be converted to strange mat-
ter with simultaneous release of large amount of energy.
There is no potential barrier for neutron-strangelet in-
teraction, that is why neutron stars could serve as per-
fect detectors for presence of strangelets in the Galaxy.
Strangelets impinging on the Earth could manifest
themselves in different ways [6]: energy that is deposited
during their passage through medium could be detected
in a host of experiments [7, 8, 9, 10, 11]. Alternatively,
huge exposure of ancient (∼ 109 years) mica crystal [12]
or meteorites [13] could be used. These methods allows
to constrain flux of the strangelets in a broad range of
their masses.
In this paper it is suggested to constrain the strangelet
flux using observations of the fluorescence detectors of
large cosmic-ray experiments such as the Pierre Auger
observatory (PAO) [14] and the Telescope Array(TA)
[15]. Massive strangelets traversing the atmosphere
would emit prodigious amount of light [6] which in
turn could be detected using fluorescence detectors [16].
Large exposure of these instruments could allow one to
obtain competitive constraints on the flux of strangelets.
2. Prospects for observations.
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Strangelets are small objects with a density slightly
exceeding the nuclear one [17]:
ρs = 3.6× 1014g cm−3. (1)
As stated above, their intrinsic charge is neitralized by
leptons. For small strangelets A < 1015 (m < 1.5 ng)
this cloud has a fixed radius r0 ∼ 10−8 cm that is close
to the size of usual atoms. For more massive strangelets
their neutralizing leptons are hidden inside their cores
and their radii begin to grow with the mass:
r(M) =
(
3M
4piρs
)1/3
. (2)
As a strangelet passes through the Earth’s atmo-
sphere it losses its energy through the collisions with
the atmosphere nuclei
dE/dx = −ρσv2, (3)
where ρ is the air density, σ = pir2 is the cross section
and v is the velocity of the strangelet. As it would be
shown below, only the massive strangelets (A > 1020)
are objects of the primary interest for the proposed ap-
proach. Such objects lose negligible fraction of their
kinetic energy when travelling through the atmosphere
thus v could be regarded as a constant and the total
energy loss ∆E could be straightforwardly calculated:
∆E = σXatmv
2, (4)
where X =
∫
ρdx is the column density of the atmo-
sphere, Xatm ∼ 1000 g cm−2.
These estimates of the energy loss are the lower limits
– if there are some additional contributions to it than
the loss rate would be higher and the constraints could
be pushed to smaller cross-sections/masses. This tech-
nique is also applicable to many other exotic candidates
such as Q-balls[18] or antiquark nuggets [19, 20], where
additional contributions to the loss rate could come from
catalysis of baryon decay or annihilation. The upper
limits on the energy loss could be estimated as ∼ σXc2
and could be larger than ones given by Eq.4 by 6 or-
ders of magnitude (assuming for the strangelets typi-
cal galactic velocities v ∼ 300 km s−1). In sharp dif-
ference with the case where the energy loss proceeds
through collisions only, a strong emission of high en-
ergy particles is expected and that makes possible to
detect these objects not only with the fluorescence but
with the surface detectors of ultra-high energy cosmic
rays (UHECR) observatories as well [19]. The concrete
estimate of the projected sensitivity of the technique
was done with respect to the Telescope Array. TA is
the largest in the Northern hemisphere UHECR detec-
tor located in Utah, USA which has been fully opera-
tional since March 2008. It consists of 507 scintillator
detectors covering the area of approximately 700 km2
[21], 38 fluorescence telescopes arranged in 3 stations
overview the atmosphere over the surface array [15] The
basic idea of the fluorescence observations is rather sim-
ple: particles in the electromagnetic component of a
shower caused by a UHECR excite nitrogen molecules.
These molecules emit UV-light in the wavelength range
300-400 nm when de-excited, and this light could be
detected on the ground, thus allowing to observe the
shower profile. Though only a minor part (10−4−10−3)
of the initial energy of the UHECR goes into the fluo-
rescence, this method allows to detect particles with
energies > 1018 eV at distances larger than 30 km.
The crucial part of the problem is the threshold mass
of the strangelets that could be detected with this tech-
nique. It could be roughly estimated as the mass of
the strangelet that produces the same amount of radi-
ation as an E0 = 10
18 eV UHECR. Energy dissipation
in strangelet’s case is very close to meteor’s, though
such processes as ablation are understandably absent.
It was shown that luminous effectiveness of meteors lies
in 10−2 − 10−1 range, depending on velocity and com-
position of meteors [22]. Note that it is the bolometric
effectiveness, and because fluorescence detectors observe
in a quite narrow band 300-400 nm, it should be scaled
down. As this band resides close to the maximum of the
Planck’s distribution for temperatures of ∼ several eV
which are typical for these phenomenae it is robust to
use 10−2 as the rescaling factor. So it could be adopted
that both UHECRs and strangelets have the same lu-
minosity effectiveness, 10−4 in the relevant passband.
Then, the threshold radius r0 and mass M0 would be
defined as follows
r0 =
(
E0
piXatmv2
)1/2
= 8× 10−7
(
300 km s−1
v
)
cm
(5)
M0 =
4piρsr
3
0
3
=
4ρs
3
√
pi
(
E0
piXatmv2
)3/2
= (6)
= 6× 10−4
(
300 km s−1
v
)3
g
The threshold was set at m0 = 6 × 10−4 g ∼ 4 ×
1020 GeV/c2 and all derived limits are applicable to
strangelets with larger masses. It is worth noting that
at masses M > 9piX3Earth/16ρ
2
s ∼ 10 g (A ∼ 1025),
where XEarth = 10
10 g cm−2 is the column density of
the Earth, strangelets begin to travel through the Earth
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almost unimpeded and the corresponding field of view
of the detectors approaches 4pi. Also, for more mas-
sive strangelets corresponding effective area grows sig-
nificantly, by factor 5 for A > 1023 (equivalent to a
cosmic ray with the energy ∼ 1019.5 eV)
The TA fluorescence detectors are adapted for the ob-
servations of the UHECRs which travel at the speed of
light: they are triggered if there is a signal in ≥ 5 ad-
jacent photo-multiplier tubes (PMT) in 25.6 µs time
window, each PMT having a field of view ∼ 1◦[23].
Strangelets are supposed to travel with non-relativistic
velocities, v ∼ 10−3c, so they cannot trigger the instru-
ment by themselves. However, in addition to instant
radiation from the strangelet one would expect bright
meteor-like wake radiation, that lasts 10−3−10−1 s [22].
This wake emission would be observed as short trail af-
ter the strangelet and would trigger the detectors.
The limits on the flux of the strangelets that could be
potentially detected with this technique could be readily
estimated.
Φ ∼ 1
2piAt = 5× 10
−22 cm−2s−1sr−1, (7)
where A ∼ 103 km2 is the effective area of TA FD at
energies 1018 eV [23], and t = 3 × 107 s is the total
duration of the observations taking into account their
10− 12% duty cycle.
It should be mentioned that the data from the fluo-
rescence detectors of the PAO [14] could be used in this
technique as well and that could lead to even deeper
limits, taking into account longer duration of observa-
tions and the effective erea of the FD detectors that is
larger by factor 2.
Finally, though there is a possibility that there
exist meteors moving with ’galactic’ velocities [24],
strangelets could be fairly easily distinguished from
them using difference in their trail profiles: usual me-
teors disintegrate at altitudes higher than around 100
km, when the strangelets would travel all the way down
to the surface.
3. Conclusions. The proposed technique could be
used to constrain flux of strangelets (also, Q-balls of the
strong interacting variety, antiquark nuggets and related
exotica) impinging upon the Earth. For strangelets with
baryon number A > 4×1020 it is possible to reach limit
of Φ ∼ 5×10−22 cm−2s−1sr−1, the limits are stronger by
an order of magnitude for A > 1025. These limits would
improve by 1.5 (2.5) orders of magnitude the strongest
present ones obtained from ancient mica crystals.
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